Thousands of economists spread across almost every country use the GTAP model to analyze trade policies including trade wars and trade agreements. GTAP has an impressive regional coverage (140 countries) but the standard commodity coverage (57 commodities/industries) can cause frustration when tariffs on narrowly defined products are being negotiated. This paper sets out a method for disaggregating commodities/industries in computable general equilibrium models such as GTAP and applies it to GTAP's motor vehicle sector. The method makes use of readily available highly disaggregated trade data supplemented by detailed input-output data where available and data from a variety of other sources such as commercial market reports.
Introduction
For over fifty years, computable general equilibrium (CGE) models have been used in analysing the effects of changes in trade policies and have now become a standard tool. 1 CGE-based analyses have been helpful in identifying indirect effects. While it may be obvious that the motor vehicle industry in the U.S. benefits from higher tariffs on imported finished vehicles, it may not be so obvious that export-oriented activities such as U.S. higher educational services are harmed. As captured by a CGE model, the vehicle industry and higher education are linked via the real exchange rate. Less imported vehicles strengthens the exchange rate and hurts the export prospects of industries such as higher education. The world's best known and most widely used CGE trade model is GTAP 2 . Its full database consists of mutually consistent input-output tables, trade flows and protection rates in 140 countries. Documentation of GTAP's theory and data can be found in Hertel (1997), Corong et al. (2017) and Aguiar et al. (2016) . Flexible aggregation programs are available to form versions of GTAP with manageable regional disaggregation highlighting regions of interest for particular applications. Later in this paper we describe simulations with a 10-region version of GTAP. The regions are shown in Table 1 .1. While GTAP's regional detail is more than adequate for most purposes, the standard commodity/industry detail does not fully meet the requirements for convincing analysis to support contemporary trade negotiations. The database for the standard GTAP model distinguishes 57 sectors. At this level of disaggregation, key sectors in trade negotiations are often represented as a single amalgam of activities at various stages of a supply chain. For example, the production of all motor vehicle products in each country is represented in standard GTAP as a single sector, denoted by mvh. This means that there is no recognition of differences between brakes, transmissions, interior trimming, finished vehicles etc in input requirements, sales patterns and rates of protection.
In section 2, we set out a method for disaggregating commodities/industries in computable general equilibrium models such as GTAP and apply it to GTAP's motor vehicle sector. The method makes use of readily available highly disaggregated trade data supplemented by detailed input-output data where available and data from a variety of other sources such as commercial market reports. Using our disaggregation method, we split GTAP's mvh sector into 9 commodities/industries to create GTAP-MVH. In section 3 we describe illustrative simulations with GTAP-MVH, showing the effects of tariffs imposed by NAFTA countries on finished vehicles while leaving tariffs on parts unchanged. Concluding remarks are in section 4.
Transforming standard GTAP into GTAP-MVH
In simplified form (omitting taxes and international transport margins), the database for the GTAP model is represented by Table 2.1. Part A is often referred to as the NATIONAL matrix for region d. It shows flows of domestic commodities and imported commodities (undifferentiated by region of origin) to industries in region d and to final users excluding exports. It also shows the use of primary factors by industries in region d. Part B is often referred to as the TRADE matrix. This is a three dimensional array. For each commodity, it shows sources and destinations of international trade flows. The data in the two parts of the table satisfy two balance conditions. First, the jth row sum in the imports part of d's NATIONAL matrix equals the sum across sources of d's imports of j from the TRADE 4 Rest of the World matrix (sum of jth column). Second, the jth row sum in the domestic part of d's NATIONAL matrix plus d's exports of j from the TRADE matrix (sum of jth row) equals d's output of j obtained as the jth column sum in the industry part of d's NATIONAL matrix.
In Table 2 .1, without loss of generality, we have marked motor vehicles (mvh) as the first industry and first commodity. The disaggregation task described in this section is to replace the mvh part of the TRADE matrix with matrices for each sub-mvh commodity and to split the mvh column and the two mvh rows in the NATIONAL matrix for each country d into sub-mvh industries and commodities. As will become apparent in subsection 2.1, (a) to (e) in the NATIONAL matrix represent different disaggregation formulas. These formulas split GTAP data items: the disaggregated database reproduces the original database when reaggregated.
In the rest of this section, we describe the theory (subsection 2.1) and data (subsection 2.2) by which we disaggregated GTAP's mvh industry/commodity into 9 NAICS-based industries/commodities. We also briefly describe some disaggregation results (subsection 2.3). As mentioned already, we performed the disaggregation on a 10-region version of GTAP (see Table 1 .1). It was also convenient from a computational and data-management point of view to aggregate GTAP's 56 non-mvh industries/commodities into 17. For example, in GTAP-MVH the 12 GTAP agricultural industries/commodities are aggregated into one. The full list of 26 (= 9+17) industries/commodities in GTAP-MVH is in Table 2 .2, with the disaggregated mvh industries/commodities shaded and in bold type.
Highly disaggregated trade data are available for almost every country to provide a basis for disaggregation of TRADE matrices. By contrast, the input-output matrices that underlie NATIONAL matrices are usually published at a relatively aggregated level, much more aggregated than the trade data. In our disaggregation theory, we start by assuming that satisfactory disaggregated TRADE matrices can be formed, although as we will see in subsection 2.2, this may require considerable work on concording commodity/industry classifications between trade and input-output data. To disaggregate NATIONAL matrices we need data for disaggregated commodities/industries on outputs, inputs and sales. For our mvh disaggregation task, direct data for these variables is not available for most countries. We estimate the missing data taking account of what is available: trade data and detailed input-output data for some key countries. The estimates become the basis for splitting shares that are applied to the original GTAP data. 
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Disaggregation theory
The central part of our disaggregation theory is a system of equations in which we treat trade flows in disaggregated products as observable exogenous variables. This allows us to make full use of comprehensive disaggregated trade data published by the United Nations. The equations also rely on the availability of detailed input-output data for one or more leading producer countries in the sector being disaggregated.
In the case of mvh, the inputs to the disaggregation equation system are data (adjusted to 2015 levels where required) on: trade flows for disaggregated mvh products; U.S. and Canadian input-output data for these products; and initial estimates (described in subsection 2.2) for outputs of and demands for mvh products in regions other than the U.S. and Canada. 
Endogenous variables in the disaggregation equation system for mvh
In formal terms, we estimate for 2015 the U.S. dollar values of:
• VQ(n,s) for n∈MVH, s∈OTHREG where MVH is the set of 9 mvh industries/commodities; VQ(n,s) is the value of output of commodity n in region s; and OTHREG is the set of 8 regions in Table  1 .1 excluding Canada and the U.S. We do not estimate VQ(n,US) and VQ(n,Canada). These are known from detailed input-output data for the two countries.
• Z(n,j,s) for n, j∈MVH, s∈OTHREG where Z(n,j,s) is the value of mvh product n (domestic plus imported) flowing to mvh industry j in region s. For s = US and Canada, Z(n,j,s) is known from detailed input-output data.
• Zdom(n,j,s) and Zimp(n,j,s) for n, j∈MVH, s∈OTHREG where Zdom(n,j,s) and Zimp(n,j,s) are the values of the flows of domestically produced and imported mvh-commodity n to mvh-industry j in region s. For s = US and Canada, Zdom(n,j,s) and Zimp(n,j,s) are known from detailed input-output data.
• OD(n,f,s) for n∈ MVH, f∈NonMVH, s∈OTHREG where OD(n,f,s), other domestic demand, is the value of mvh-commodity n (domestic plus imported) used in region s by domestic purchaser f in the set NonMVH. This is the set of domestic purchasers outside the mvh sector. These are non-mvh industries and final demanders (households, capital creators and government but not exports). For s = US and Canada, OD(n,f,s) is known from detailed input-output data.
• ODdom(n,f,s) and ODimp(n,f,s) for n∈ MVH, f∈NonMVH, s∈OTHREG where ODdom(n,f,s) and ODimp(n,f,s) are the values of domestically produced and imported mvh-commodity n used in region s by domestic purchaser f in the set NonMVH. For s = US and Canada, ODdom(n,f,s) and ODimp(n,f,s) are known from detailed input-output data.
• DABS(n,d) for n∈ MVH, d∈OTHREG where DABS(n,d) is the value of total absorption (domestic plus imported) of mvhcommodity n in region d. For s = US and Canada, DABS(n,d) is known from detailed input-output data.
We also estimate
• ADJ(n,d) for n∈ MVH, d∈OTHREG where ADJ(n,d) is an adjustment factor on demand for and supply of mvhcommodity n in region d. As we will see shortly, this factor is used to adjust our initial estimates of demand and supply variables to align estimates of absorption in each region based on supply (output plus imports less exports) and demand (intermediate and final use excluding exports). A value of ADJ(n,d) of greater than one adjusts demand variables up and supply variables down.
• AUSCAN(n,j) for n, j∈ MVH where AUSCAN(n,j) is the average input-output coefficient for Canada and the U.S. for the use of mvh-commodity n in mvh-industry j. These average input-output coefficients are calculated from detailed input-output data for the two countries.
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• MSH(n, d) for n ∈ MVH, d∈OTHREG where MSH(n,d) is the share of the absorption of mvh-commodity n in region d accounted for by imports. Import shares in U.S. and Canadian absorption of disaggregated mvh commodities are known from detailed input-output and trade data.
Exogenous variables in the disaggregation equation system for mvh
We base the estimates of the endogenous variables on values given by data or initial estimates of:
• TR(n,s,d) for n∈MVH, s, d∈REG, where REG is the set of 10 regions in Table 1 .1; and TR(n,s,d) is the value of commodity n exported from region s to region d.
• VQUSCAN(n) for n∈MVH, where VQUSCAN(n) is the aggregate value, calculated from U.S. and Canadian input-output data updated to 2015, of input n produced in the two countries.
• ZUSCAN(n,j) for n, j∈MVH where ZUSCAN(n,j) is the aggregate value, calculated from U.S. and Canadian inputoutput data updated to 2015, of input n (domestic plus imported if n is a commodity) used in the production of j in the two countries.
• VQ1(n,s) for n∈MVH, s∈OTHREG where VQ1(n,s) is our initial estimate of the value of commodity n produced in region s.
• OD1(n,f,s) for n ∈MVH, f∈NonMVH, s∈OTHREG where OD1(n,f,s) is our initial estimate of the value of commodity n (domestic plus imported) used by purchaser f in region s.
We make the estimates using the equation system listed below. In this system the variables to be estimated are in black normal type. The variables we take as given are in red italics.
Equation system for disaggregating mvh in the NATIONAL matrices: (2.1) to (2.11)
Absorption of mvh-commodity n in region d calculated as imports + output -exports
Absorption of mvh-commodity n in region d calculated as intermediate demands in the mvh sector and demand outside the mvh sector
Calculation of mvh-mvh input-output coefficients from U.S. and Canadian input-output data.
Intermediate use of mvh-commodity n in mvh-industry j in region d estimated by applying US/Canada input-output coefficients and adjusting to reconcile absorption of n in d calculated by (2.1) and (2.2):
Other (NonMVH) demands for n in region d after adjustment:
Output of n in d after adjustment:
(2.6) Calculation of the shares in d's absorption of mvh commodity n accounted for by imports:
Calculations of import and domestic flows of mvh-commodities to users in region d:
(2.10)
(2.11)
Solving the equation system
Substituting from (2.3), (2.4), (2.5) and (2.6) into (2.1) and (2.2) gives
The values of the adjustment factors, ADJ(n,d) can be computed from (2.12). Once they have been computed the values of all the other unknowns in (2.1) -(2.11) can be determined recursively.
Deriving the GTAP-MVH database by applying SplitCom
Using the solution from (2.1) to (2.11), we can compute splitting shares that can be presented to SplitCom. This is a program created by Horridge (2008a & b) . Users of SplitCom nominate the GTAP sectors to be disaggregated and the shares by which entries in the relevant columns and rows of the NATIONAL matrix for region d should be allocated to the disaggregated subindustries and subcommodities. Having made an initial allocation, SplitCom undertakes a RAS procedure to ensure that the disaggregated database meets balance conditions and the condition that disaggregated cells add to the values in the original database. Table 2 .3 shows the splitting shares, (a) to (e), that we used on the different parts of the GTAP NATIONAL matrix for region d (Table 2 .1, Part A) in creating the NATIONAL matrix for region d in GTAP-MVH.
Disaggregation data
To apply the theory described in subsection 2.1, we need to assemble TRADE matrices for disaggregated mvh products [TR(n,s,d)] and to make informed initial estimates for outputs of disaggregated mvh products in each region [VQ1(n,d)] and non-export demands for these products outside the mvh sector [OD1(n,f,d)]. 
Rest of mvh domestic row Domestic mvh flow to user f outside MVH (excluding 
n MVH ∈ * Rather than using outputs as the basis for splitting shares for non-mvh inputs to mvh industries, a potentially preferable approach would be to use outputs multiplied by U.S.-Canada input-output coefficients.
Trade data
The first data requirement for applying the theory described in subsection 2.1 is TRADE matrices for disaggregated mvh products [TR(n,s,d)].
We downloaded data for 2015 on import and export values for mvh products at the 6-digit HS (Harmonised code) level for the year 2015 from the COMTRADE database (UN Comtrade 2018, Chapters 84 and 87). For each trade flow, the data show fob values, export taxes, import tariffs and international transport margins. We developed the disaggregated mvh TRADE matrices on the basis of fob values.
The main task in using the Comtrade data was to map and aggregate it into the 9 mvh commodities in 10 GTAP-MVH. To do this, we developed the concordance between 6-digit HS codes and GTAP-MVH commodities shown in Table 2 .4. The concordance is based on Aguiar (2016) and a careful examination of HS codes and their descriptions, as well as the descriptions of the mvh commodities in NAICS (United States Census Bureau 2017).
The COMTRADE data come in the form EXPORTS(c,s,d), i.e. exports of commodity c from reporting region s to partner region d, and IMPORTS(c,s,d), i.e. imports of c to reporting region d from partner region s. In principle, after conversion to compatible valuation bases , these two types of data must match, i.e. for the same commodity c and the same country pair s,d, we expect EXPORTS(c,s,d) = IMPORTS (c,s,d). However, it is well-known that there are discrepancies in these data (see, for example, Gelhar 1996 , Ferrantino et al. 2012 , Shaar 2017 , which can be quite large.
There are several approaches handling import/export discrepancies. Gelhar (1996) and Shaar (2017) compile reliability and data quality indices for all countries, and then accept the reported trade flows of the more reliable partner in each country pair. Calderon et al. (2007) give primacy to the data reported by the country with the higher income in each country pair.
Here we adopted the second approach. Among GTAP-MVH's 10 regions, we consider the U.S., Canada, Japan, South Korea, Germany, EU26 and the UK as higher income countries, and the remaining regions (Mexico, China and RoW) as lower income countries. For trade flows from higher income countries to lower income countries, we adopted export values reported by the higher income countries. For trade flows from lower income countries to higher income countries, we adopted import values reported by higher income countries. For trade flows amongst similar income level country pairs, we adopted the average values of imports and exports.
To complete the preparation of the TRADE matrices for mvh products in GTAP-MVH, we scaled to ensure that when aggregated over all mvh products For Canada, input-output data identifies outputs and other demands for all 9 disaggregated mvh commodities/industries (see Statistics Canada, 2017). For the U.S., input-output data for these disaggregated commodities/industries is almost complete (see Dixon et al., 2017) . Consequently, for these two countries we do not need initial estimates of outputs and other demands as inputs to (2.1) to (2.11). Instead, as can be seen in these equations, we use inputoutput data from Canada and the U.S. to help us make judgement about input-output coefficients in the mvh sector for other countries.
For Japan, China and South Korea, shares of disaggregated mvh outputs and other demands in total mvh outputs and other demand were calculated directly from input-output data. These countries have useful levels of disaggregation for mvh in their input-output data, but less than the 9 commodities/industries required. In these cases, we used U.S.-Canada shares to complete the splits. For example, the Japanese input-output data distinguishes 4 mvh commodities/industries: (i) Automobiles; (ii) Trucks, utility vehicles, and trailers; (iii) Mvh gas engines and parts; and (iv) Other motor vehicle parts, see Ministry of Internal Affairs and Communications (2016). The first 3 industries are the same as those required for GTAP-MVH. The last industry is an aggregation of the 6 remaining required mvh commodities/industries. We used the shares of these 6 in their aggregate sector from the U.S.-Canada database to split the corresponding aggregate sector in the Japanese data into the 6 required mvh commodities/industries. 3 For the remaining countries/regions (Mexico, Germany, EU26, the UK and RoW) shares of disaggregated mvh outputs and other demands in total mvh outputs and other demands were calculated starting from data published by the United Nations Industrial Development Organization (UNIDO 2018). These data provide information on 2 mvh sectors: (i) Cars, trucks and trailers, and (ii) Parts and accessories for motor vehicles. We disaggregated the parts commodity in the UNIDO data into 'MV gas engines' and 'Other MV parts', using data from Barnes reports (Barnes reports 2017a-c). At this stage, we had 3 mvh commodities. These were disaggregated to the required 9 using the average U.S.-Canada shares.
While the use of the U.S.-Canada shares in assisting in the splits of outputs and demands for other countries is not ideal, it should be recalled that we are using this method only to obtain initial estimates, VQ1(n,d) and OD1(n,f,d) for n∈MVH, f∈NonMVH, d∈OTHREG. These initial estimates are modified in our equation system (2.1) to (2.11) taking account of detailed disaggregated data on trade.
Sales matrices for disaggregated mvh products: outcomes of the disaggregation procedures
Tables 2.5a -2.5i contain sales matrices for the 9 mvh commodities in GTAP-MVH valued at market prices (production costs in the producing country). These are TRADE matrices with diagonal flows added to show intra-region sales. The tables were generated by disaggregating GTAP data for 2015 using the disaggregation procedures described in subsections 2.1 and 2.2. For each commodity, the rows in the tables show sales from source regions where the commodity is produced, and the columns show the destination regions where the commodity is used. The row totals show output values of the commodity in the source regions. The column totals show absorption values of the commodity in the destination regions.
The tables show that, apart from the finished product Automobiles, the main destination for a country's motor vehicle commodities is usually the country itself. Exceptions include the production of Gasoline engines by Mexico and the UK, and the production Trucks etc by Canada and Mexico. In the case of Automobiles, the principal user is often outside the source country. For example, the U.S. is the principal user of Automobiles produced by Canada and Mexico. Rest of World is the principal user of Automobiles produced by Japan and South Korea. EU26 is the principal user of Automobiles produced by Germany and the UK. EU26, RoW, China and Germany are the biggest producers of Automobiles, while the U.S. and China are the biggest producers of Trucks, utility vehicles, trailers, motor homes and campers. Japan and China are the biggest producers of nearly all mvh components.
The tables can be converted to percentages in either the row direction or the column direction to highlight sales and demand patterns. We can also create new tables to highlight the data for all products for a particular country. This is done in Table 3 .3 which shows destination percentages in the sales of Canadian mvh products. The table shows that the U.S. is by far the biggest export market for Canadian mvh products. Exports to the U.S. account for more than half of Canadian Automobiles and Trucks etc, and over a third of Canadian Gasoline engines and Other motor vehicle parts. In total, exports to the U.S. account for 51.9 per cent of Canada's mvh output and 92 per cent of Canada's mvh exports ( = 100*51.9/56.4). RoW and Mexico rank second and third among export markets for Canada's mvh products. But exports to these markets account for only small shares of Canadian output (1.8 and 1.5 per cent).
Illustrative GTAP-MVH simulations
During 2017 and 2018, mainly at the behest of the U.S., the 3 NAFTA countries held lengthy trade negotiations. Numerous proposals were made, particularly with regard to the motor vehicle sector. In this section, we show how GTAP-MVH can be used to provide information to negotiators. We simulate the effects of two proposed sets of changes to the powers of the tariffs applying to imports of finished motor vehicles (commodities 13 & 21 in GTAP-MVH, see Table 2 .2). In simulation 1 we impose the percentage increases in intra-NAFTA tariffs shown in the upper part of Table 3.1. In simulation 2, we impose the same 
Additional shock in simulation 2
Non-NAFTA countries 25.0 0.0 0.0 increases as in simulation 1 plus a 25 per cent increase in the power of the U.S. tariff on imports of finished vehicles from non-NAFTA countries. Because the initial tariff rates are zero or close to zero, the increases in Table 3 .1 are the new levels of tariff rates.
For simulation purposes, we treat the tariffs as though they were imposed in 2016. Tables 3.2  and 3 .3 show effects from simulations 1 and 2 on outputs in the 10 regions of GTAP-MVH for: the motor vehicle sector as a whole; finished motor vehicles (commodities 13 & 21); and motor vehicle parts (commodities 14 to 20). Regional macro effects from the two simulations are in Tables 3.4 and 3.5. All effects are expressed as percentage deviations from a baseline in which there are no tariff changes. While we don't explain the baseline or GTAP-MVH theory here 4 , key features will be apparent from our explanation of the results.
Simulation 1: output effects in the MVH sector (Table 3 .2)
Output of motor vehicles and parts declines in the three NAFTA countries. While the motor vehicle sector in each of the three countries benefits from reduced competition from its NAFTA partners, it suffers an offsetting effect from reduced demand from its NAFTA partners. So why are the overall effects negative? This is because non-NAFTA countries gain market share in NAFTA destinations: in this simulation non-NAFTA countries do not suffer a tariff increase on their exports to NAFTA. The gain in market share for non-NAFTA countries in NAFTA markets explains why the motor vehicle sector is stimulated in non-NAFTA countries.
Because the tariffs are applied only on finished vehicles, the negative effects on the production of finished vehicles in NAFTA are larger than those for parts. Nevertheless, parts production generally declines in the three NAFTA countries, reflecting reductions in sales to NAFTA's finished vehicles industries.
Against the general pattern of the other results, output of parts in Mexico initially increases slightly (0.034 per cent in 2016, Table 3 .2). At the macro level, Mexico experiences a bigger real devaluation than the other two NAFTA countries: Mexico is more dependent on motor vehicle exports than the other two countries. Greater real devaluation allows the Mexican parts sector to compete successfully outside NAFTA. This slight positive effect is offset in the long run by continuing negative adjustment in the finished motor vehicle industry in the NAFTA countries, reducing demand for Mexican parts within NAFTA.
Continuing negative adjustment of the finished motor vehicle industries in the NAFTA countries is caused by gradual downward adjustment in their capital stocks.
Simulation 2: output effects in the MVH sector (Table 3. 3)
This simulation imposes two sets of shocks: (a) the quite small intra-NAFTA tariff shocks that were applied in the first simulation; and (b) a 25 per cent U.S. tariff against imports of finished vehicles from non-NAFTA countries. The second set of shocks is dominant in most of our results.
The U.S. tariff on finished motor vehicles from non-NAFTA countries stimulates output of both finished goods and parts in the U.S. It also has a generally stimulatory effect in the motor vehicle sector in the other two NAFTA countries. Output of finished motor vehicles in these countries benefits from reduced competition in the U.S. market from non-NAFTA countries. Parts production in Canada benefits from expansion in its own finished motor vehicle industry and that of the U.S.
The results for parts production in Mexico in the early years of the simulation are negative. This is explained by a symmetrical argument to that given for the result for Mexican parts production in Table 3 .2 f. This time Mexico is a major beneficiary from the U.S. tariff on finished vehicles (includes trucks) from non-NAFTA countries. Associated real appreciation of the Mexican currency initially hurts its parts sales outside Mexico.
Motor vehicle production in non-NAFTA countries shows strongly negative effects, especially for Japan for which the U.S. is a major market (see Table 2 .5a).
Simulation 1: Regional macro results (Table 3.4)
In the short run, raising tariffs within NAFTA reduces GDP in the NAFTA countries but increases GDP for other countries, which gain from diversion of demand by NAFTA countries away from their NAFTA partners. The NAFTA countries lose by increasing the costs of finished cars & trucks to their households and capital creators. These increases in costs reduce the number of people who can be employed at current real wages. Eventually wages adjust down so that employment in the NAFTA countries is restored gradually to baseline. This process is complete by 2023 for the U.S. and Canada, but still has some distance to go for Mexico. Even though the employment effects are eliminated in the long run, the GDP deviations for the NAFTA countries remain negative. This is because the NAFTA countries lose capital in the long run. With higher tariffs, capital must become more scarce for rates of return to be restored to baseline levels, or explained another way, reduced real wages mean that an economy's K/L ratio will fall implying, with L returning to baseline, a long-run reduction in K.
The final panel in Table 3 .4 shows percentage deviations in private and public consumption, which we assume move together. These deviations can be interpreted as welfare effects. In the long run, the intra-NAFTA tariffs reduce the welfare of all three NAFTA countries. Outside NAFTA the results are generally positive. Most of the non-NAFTA countries (or regions) identified in GTAP-MVH benefit from terms-of-trade improvements associated with improved competitiveness in NAFTA markets.
Simulation 2: Regional macro results (Table 3 .5)
Raising tariffs on finished motor vehicles imported from outside NAFTA reduces employment in the U.S. in the short run (-0.078 per cent in 2016) and capital in the long run (-0.145 per cent in 2023). The explaining mechanisms can be understood from our commentary on K and L movements in Table  3 .4. Together, the labor and capital effects leave U.S. GDP reduced by the policy in both the short and long run.
For Canada and Mexico, the GDP effects in simulation 2 are positive in both the short and long run. In the short run, both countries experience employment gains associated with their improved competitiveness in the U.S. motor vehicle market and in the long run both countries experience increases in their capital stock associated with higher real wages.
For Canada, the long-run employment effect is slightly negative (-0.006 per cent in 2023). As illustrated in Figure 3 .1, this is a very minor effect and should not be considered either policy relevant or reliable. What is reliable is that aggregate employment in the long run returns closely to baseline. Sometimes in our modeling, which involves difference equations, the return of employment to baseline exhibits damped oscillations of the type apparent in the figure.
For Japan and South Korea, the macro effects of the U.S. tariff against their exports of finished motor vehicles are negative. Both these countries have significant exports of finished motor vehicles to the U.S. For other non-NAFTA countries, the direct effects of U.S tariffs on finished motor vehicles, while negative, are small: these countries don't export large quantities of finished motor vehicles to the U.S. For these countries, the negative direct effects can be outweighed by positive indirect effects.
There are two types of positive indirect effects for non-NAFTA countries. First, U.S. tariffs cause real appreciation in the U.S. (loss in competitiveness), reducing U.S. exports of all products (not just motor vehicles). This is a source of gain for countries that compete with the U.S. in third markets. Second, U.S. tariffs on finished vehicles from non-NAFTA counties are bad for investment in the U.S. Investment in the U.S. accounts for about 17 per cent of worldwide investment. The downward effect on U.S. investment has a noticeable effect on worldwide investment. The negative impact on worldwide investment is stronger than the negative effect on worldwide saving. Consequently, worldwide interest rates falls. This leads to extra capital in many countries. Only the U.S. and countries with a strong link to the U.S. through exports to the U.S. of finished cars have negative results for aggregate capital. Countries which gain capital, wind up with extra GDP, but not necessarily extra consumption. Their consumption can be adversely affected by negative terms of trade effects, especially if they import a lot from the U.S. 
Concluding remarks
Trade negotiations are often conducted in terms of narrowly defined commodities, well below the commodities/industries identified in standard CGE models. Most negotiators are lawyers rather than economists. In these circumstances, CGE analyses can be dismissed because to non economists the models seem insufficiently focused on the issues at hand. This is unfortunate because even when CGE models cannot capture the exact details of a proposed trade policy, they can still provide valuable insights. These general insights are mainly of the form of alerting negotiators that increases in protection are ineffective as a macro policy. They may save jobs in the protected sector, but they reduce employment in other parts of the economy.
Disaggregating industries and commodities in a CGE model increases the likelihood that the model can be applied directly in the analysis of a particular policy. This leaves the general messages intact while at the same time increasing the acceptability of the analysis and potentially producing new policy-specific messages. For example, with the disaggregated Motor vehicle sector included in GTAP-MVH, we found that tariffs on finished motor vehicle trade within NAFTA were not only negative at a macro level for the three NAFTA countries, but were also negative for output from their Motor vehicle sectors.
The disaggregation method that we have described in this paper and implemented for the Motor vehicle sector is applicable to other sectors. In the GTAP model, it could be used to disaggregate sectors such as Textiles, Wearing apparel, Fabricated metal products, Other transport equipment, Electronic equipment, and Other machinery. Detailed trade data, necessary for our disaggregation method, exists for products within all these sectors. Disaggregating these sectors would not only enhance the GTAP model as a tool for trade policy analysis, but would also be a step towards the development of new models required for analysing trade dominated by global supply chains. 5
